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aS<%*:#^n-Al GaNm«[rn>y^ei l£jft£ 
L^^CiJV^Tt^^-y^*^^ S»^ H B Btt 

[00 56] ^vc. ^xyNj-MOCVD^SA^^ 
KBXOffiL. 02 (d) IZTjk-tXolZ. n-AlGaN 
m 1 cOSBg^SS^^-y y rM l 0 ii XVn - A 1 G a N 
€g£^o 77111(0^7 ^18±c7)fg$£ R I B E&m 
{CiOx yf-y^f C<7)J:^fc:LT. n-AlGa 
N®l<??Sl£^ffiia^ y7r®l OfcJtfn-A 1 Ga 

N^g^n y ?m 1 1 fcx h y4 Ttmn&zmtfLi. 



(7) 

1 1 

P - G a N ^ >y TJI 9 £Maj£-t!:6 . 
[OOSTl^tCffiOajL^Ht. n-AlGaN? 

[00 58] n-Al GaNglOiiftJEttflrt 

77ril 0±.lZ&f8.Ztlfz n - A 1 G a N^St? P * 

JtflfflB&WtCp-A lGaN;77 FJf80¥£S 

<7)mit^tunmm<mm i n - a i g a n® i em&M 

±£OJ:5fcn-Al GaNWn7^il lOfl® 

1 G a Nlggt/O - y ?mi 1 2 tZlt'<Xmfi&l±&MT 

[00 5 9] UB^X-y^y^ S^\^MOC 
VDliarttM-r. 02 (e) fcjS-fidfc. 

SajLfcp-GaNdfA>y7 ,, J19±i:. n-AlGaN 
ftl<7mj£M&a&'< yyTmi Ofcitf n-A 1 GaN 
tS707?il lcOffllffli:. n-AlGaN^n 

i±fcfc. MgfciOpStF-rstifcp- 20 

Alo.5 Gao.5 N£?fj&g;*1*:5,ri:fc:J:9, WZ5 
0AC0P-A 1 GaNm2C0S«^fiiaA>y7r® 1 2 
£<0p-AlGaN8S2<0#J&g 
ffiSrtv7rJf 12±£. MgtiiOpMtch'-T^tt 
fcp-GaNriy^Mgl 3£j£&&-frS. Cltf)i§ 

P-AlGaN^2c7)|fjS^ffifflyN'/7r®120 
J&|B$O»Su&KI46 0 0 a CfcU p-GaNny?? 

hiii sojfcg^osfiMSjgttiooo-cfci-s. 

[00 6 0]±fBtf>J:9fc:. -fiil^tlXOai^it^n 
-Al GaNm5£:/u-7?Jf 1 ie±lfU-y5^W)p- 30 
GaNdf^-/TW9±{3fijarp-Al GaNSrBjfcg 
$tTp-Al GaN^2<Z)lfj££fflaS>K.y7TJf 1 2 
«E«U p-AlGaNm2c7)S)S^{Sia^<y7r® 
1 2±Cp-GaN3>'^ Ml 1 3£jft£-rSvIi:{C 
«k9. p-GaNay^Hl3i!n-AlGaNl 

-efltiO. p-GaN3^Ml 3<Otfr?£fiS# 

[006 1] p-Al GaN8S2*5llJit*ffiiBA 40 
77rll 2tCi0. p-GaN4f-Vy7°Jl9i:p-G 
a N 3 V 9 9 HI 1 3 £ i§Jni&^r5 .1 i: £ 04 1 S 

® 1 3 fcfcttS 7 5 -y ^Of&feS-R&itr £ £ 

[00 6 2] ttJb®ik3&>fe, Kff^#^p-GaN 
ziy??hmi3 £Jg|£L*:*§£fc:fc wr t> ? 7 »/ 7 # 

[0063] *7X^£MOC VDggA^I-aS 

tdXOiBU 02 (f ) {C*-r«J:d(C. P-GaN3y 50 
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1 2 

9?Vm\ 3jK>n-GaN:3y:??h/l4£-C<?)-aS 
I^X 7 fy/t5. diOiotCLT. n-GaN3 

[0064] Cl^ajL^n-GaNrjy^^ 
h«4^5£fBJ&J:£nmSi5 0 m&t& t b tC. 
P -GaN3V^ hMl 3<0m^M^±tCp€S5 1 

[0065] I3±nx o =3r*atc i 0. H3 fc*t U y 

[0066] ¥»fcU-1f*?2 0 OtriJUT. pm® 
51*»4&A3*l£SSB2, n-A 1 GaN«t/Oir 

7* 1 1 fc J: 98g££*i& . «nci 9 . U »/ >-*SrFo 

1IHftGWE8IK:%£. n-A 1 GaNm/o 

•y?Jf 1 l«Al<Offlj&&*:*£».^tf>. MQW*SttJf 7 

icu wc » u >y is^cmmcomsmmmmimme) 

[0067] J0Lk*>£ tti>L>. »*F2 0 0 

tciHvrii. U y> ; arFWMQW^ffii7t3e* s Wt)i 

i/-ft : F2 o o«. mmmmmm&tt-t&^mft 

[0068] ZZX\ ¥Sfrl'~'9 l X?2 0 0£&tYt 
14. n-AlGaNSl(?)SMffiaA'. / 7rll0t: 
J; 9. n-AlGaN«cl^n-/^®l l|Ct3tfS^7 
•y^cOl^tiJ:tmStt^^b& i R6jh§*iTV^. Ztl 

[ 0 0 6 9 ] 4fc. ¥9HcP-^HF2 0 0 
{4. P-AlGaN®2<^S«*ffifflA'-y7r«12(C 
£9. P -GaN3^?Ml 3K:fcft6?7>y?0 

y*F2 o o ictjvvcii. $ f>izm : mit<^ 

[ 0 0 7 0 ] JJEtfcWCttn- A 1 GaNgK^Si 
IM^/7ril 0i>itXp-A 1 GaN^2^Sfi£ 
SBSVU y r m 1 2 OJfcgl$<7)a«3Jg£ 6 0 ox;fc 

ltv^436»» in^oeio, 1 2^js^foa«ias 

t4. 5 0 0~7 0 0'C«0«HrtT**lK±Et:ffi£$*i 
St>«7>T{4^V\ 

[0071] ifc. ±IBti3V>TI4n-Al GaNSBl 
cr>mM^^/yrmi Oiiit/p-A 1 GaN|g2 
OUffcgffii&K-y 7rS 1 2**A 1 0. 5 Gao. 5 Nfrt> 
Z.ilt><?)m 1 0 , 1 2C*S(t£A 1 Offl«J4± 
atKSSflSt>OT'J4^V\ n-AIGaN^lWS 
i»W7rll Otiitfp-Al GaN^2<0S 
(K^filS>N'>y7r®l 2J4. A 1 oaj£X#0<X< 
0. 7<0AU Gai-xNjK>&ittfJ:Vi. 
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[0072] JtatCfcUTJin-Al GaN® 

l<m^Mf&^^'yyrmi 0<7>iiff£2 5 0A£: U 
P-A 1 GaN%2<mf8M1$l&'^Y7TJ8l 2<9jgS 
£50Ai:l/O^#. n-AlGaNil(«Ii 
iaA-y^rffll OiiJtfp-A 1 GaNSS2<9?fj£Jlffi 
fflA-y 7 rffl 1 2 t <D-C(4& 

V\, n-Al GaN®l<0H«^ffiiayN'-y7r«l OCD 
I£JP42 0~5 0 0AT&*Uf«J:<. p-AlGaNi 

2<?mf6Lm&>* yyrmi 2?>mmi 2 o~ 1 5 0 a 

[0073] ^ttk—FS^ 0 OfcrfcWt 

(4. missmtzzv vis&tp-Ai Gaim2<m 
!8.ma&><>y7Tmi2tmtfiztizu&. zzx\ & 

iaTj££Lfcp-A 1 GaN®2<0|f«^ffilS^'/7r 
SI 2\XmmX'h&Z.tfrh. p-AlGaNgS20 
IfifiJWax v 7 rM 1 2<?>ISS£;*:£ < Lfc^tfc 
wa4«sE#s»U;:<<&&. Lfc^t. p -aig 

aNMS2tf>¥Sj££<Ba&>K.y 7 rJl 1 2<DKJ?«/h$ 
£^i:#iJ£ L^. ±E^)«};?{cp-ai GaN^2« 
BjSI»W7rI 1 2tf>lgJ¥£ 5 0 Afc/hS< Lfc 
hy^'Jy^hStCiOs p-AlGaN|S2tf) 

mssaaw'r 7 r ji 1 2 izt5^xn%U) i %ti j &t<% 

[0074] m£«fctf£2<DB!£*®i&^'y7rJil 
0, 1 2<Oifij£(4. ±£tf)A 1 GaNfcllS&gSftS&CD 
•CiaftV^. ^l^J:^20Sfig^fiiaA-/7rBl 
0, 1 2(4. Ga, Al. In. Bfc J: VT1 tf>4*5:< 

[0 0 7 5] SriJ. mfc«kt^2<3Bjfc£fflaaA.y7 
rllO, 1 2#A 1 £#tfi§£. j§«!lg#iS<*>o§| 

[0076]it. ±StiJV^T{±nM<7)® 1 <m$M: 
ffiSA-y7r®l OfcJtfpMOSI^^BlfcgffiaAy 
7rJf 1 2£«a£t/CV>6#. mfcJ:tfSII2tf>gifcg 
ffiiaK/7rJIl 0. 1 2(4. m+AW%.<7)B*<7)i%& 

*#>(;:i4. ryK-7^3:V^-S^Lv\ 31 
1 OSJfcftffi&'N* * 7 r Jf 1 0 (4. Z n ** K— 7*£ ivC 

*> «k v\ i«> i d &z n f-tV)® i oBjfcftffifi 

Ay y r m 1 0(4MfirC&6. 
[0077] jfcfc. «-J12~9, 11, HliGa. 
A 1 . In. BiJ JOT 1 tf>4»5:< fc 1 1 ofc*trfflfc 

J:^. 1^r07?il 1#I nGaNKiS 

i§£. ¥ifrU-ftf2 0 OJiJfl^^jfeffijtk^rS. 
[0078] m«[7*O y^Sl 1(4. ^*fi!fekL 
TZ n Z n £-&tfmSS7*0 y ?J1 1 1 

[0079] 2t>lZ^ IMizH^Xit^yr-f TWSLl 
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1 4 

TUStf. 1f7r4T^l±(=pM<0¥#&)ii5j:tf 
nM<0^ttJl£J«£^j£LTi>J:V\ P S 
(c K-7$itf:gl 1 fM&fUSArtv 7 r Jf 1 0 . 
(47> K-T^m 1 <7>nfiLmm'<y 7 r JS 1 0 ZffiSL 
i-S. &S^(4. Z n # H-7°§ fT^^fifii^m 1 «0i? 
J&gffifiAy7rSl 0*«ftLTfcJ:V\ CCD 
nSfc:H-7'$^^2^S:««ffiia''N*>'/7ra 
12. Ziz\tT>Y-7<r)%2<rm\8.mi&>WTm 
1 2S-^|£-r5„ 

10 [ 0 0 8 0 ] iMv&mfrv— 0 0 ti> 

wt(4ss 1 a xvm2 <7m&miW<v 7riio, 1 
2tmjs&tix^?>tf. mim&m&'<v7rJ8i 

— 0£j:t^2«Jigtt£tt&/<7 7rJBi 2<n-^nfm. 

z<7)i%&izi^x. wrizmmtz. 
[0081] 04 tt%*n(7>ittL(7>mmiziiVh¥mfr 
u—fm^mmiwmx'h h . m^tz^t^m^u 
— fS^2 0 1 14. P - A 1 G a Nm2<mf8.ma&>< 
■yyrmi 2«^$n*CvvSrviA£He^-c. 03^ 
20 ^frW— !fS^2 0 0kP«IOfi}j§5^S. dtf>J:3 
«T2mW(cP-9*F2 0 1(4. mT0Afrl*VvC. 

#i/-ftf2 o onw&imt mmoiimizi <omm 

[0082] 02 (d) (ZifrTp-A 1 Ga 

m&g&&rtvyT 1 OtJiVn-A 1 GaN«gg7* 

vvfmi l^xyf-^^ffoJtm. y-y^ason- 

GaN^7719±J:. n-A 1 GaNff&J^ffla&A 
77TI1 0fcitfn-A 1 GaNmSS7*0>y?/f 1 1 
Oimt. n-AlGaN«g[7'07?Il l±fct. 
30 lSp-GaN^SJ«*$*. p-GaN3^M 

[0083] ¥$Kl'-'yX72 0 1 t^UT(4. ^ 
*V-i^^2 0 0i:R«. n-AlGaNSlK^SS 
A-y7rB10C:4:0. n-A 1 GaN«S£7*n«y?Jf 

1 ltt3(tS^7-/^«0f&4t>J:lfSatt^flS&>'Hi± 
SilTUS. ZillzX 0. mi/-fff2 0 1 Cfc 

[ 0 084 ] ^^2 0 1 iZ&^X 

(4. ^frl^-if^^ 2 0 0 <7) i o izmfflmtZh V 
40 -y^aStsfiSDSTP-A 1 GaNm2<m^mM^ 
yrmi2imS.^flX^\>\ .ro^. 
1fl&?2 0 lfciJV^T(4. iOBf^E*«fi«$ixl.. 

[0085] $<?>fc:. n-AlGaNmcOBjfcgfSaa 
a'77t11 O^^iiT^t^^THSW 

2 o o tmmoffimmi-z^&fru- 
•m??$>r>xi>£\,\ z<7>m£iz&^x\i. 'j y^'as 

tp-Al GaN^^yHS80¥ffl^±tn-AlG 
aNmg[7-a-/^^l lS-^j£-r^^V^T. 
50 V— fS ; F2 0 0^j§^rffikP«O^tJ:')^«c 
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1 5 

mWZ&U-at. P -A 1 GaN|g2<0#J&g 
m§L^yyrMl2izX*). p-GaN3^?Ml 
3 CisftS itflSJyitaSWbWSjtS 

LtaFoT, ^ip^p-Al GaN3S2<9i? 

Jfcg®ia^y7r 1 2tf)*#^j£3ftfc^ftU-1f§5l 
[0086] 05{i*^^$^tffi^HSgp!Itfc{tS 

^^-^^^mkmi^t^mTmmm io 

[0087] 05 (a) tSjcTidt. MOCVDHi 
n\z^yyATWR.l l£EMU MOCVD^fcri 
0. ^7r4T2«2 1tf)C (0001 ) Bo±C7yh' 
1 GaNH^SA 1 GaNA' 7 7rl2 2. 
7yK-7°GaNJ12 3. n-GaN3y??M2 
4. n- I nGaN?7-y?fi&jfcJ12 5. n-AlGa 
N?7>yb*Jl26. I nGaNa>&&.&MQW?£ttJi2 
7. p-AlGaN3Sl?7>yF«28;fe.fcO f n-Al 
GaN«5gyo«y^2 9^Ji{C^$-frS. 20 

[0 0 88] d<7)*§3\ Al GaNA 7 7rl2 2^ 

*3?>««iag{i6 0 0 < cfcU MQw*gttJi2 7ijj 

t^n - I n G a N ^ 7 -/ ^R6iW 2 50^*gfOXSa 
JSJiSOO-Cfc-rS. Z.tlWW>&m2 3. 2 
4, 2 6, 28, 2 9c9jfclBt<7)g«iag{il OOOt 
t-th. nWY-rt>YtLX\*SxZm\^. P 

[0089] ^^T. ^xyNj-MOCVDilg*^^ 
IdROiilU 05 (b) fcScTJdfc:. RIBESft 
«J:9n-AlGaN^7*a.y:?Jf2 9?))9f5g^i££x 30 
«;+vy-$h. ££>J;-?£LTn-Al GaNtS^n 
v?Jf 2 9£*h^7*tt§f?P&£mU HP^rtt 

tJWC P - A 1 G a 1 ? ^ »/ KJi 2 8 

[OO9O]51^5tCJR0aiL^tC. n— A 1 GaNl 
g^O »/ ?J1 2 9 1> X tfilPg&rtcOp - AlGaNIl 

??y m28<Dmmtpm:^tii. 

[0091] ±£<7)X./f->^<7)S. ?£OTxa£MO 
CVD^SrttM-T. ZVZ. 06 (c ) £5jrT.fc-5 

n-AlGaNm££7*n-y?Jf29±i3.fctfp-A 40 
lGaN$l?77K128±t. MgfcJ: 9 pStK 
-TSflfcp-Alo.s Gao.5 N£Wfi!t£$-£. HJS 
50A<0p-A1 GaNS^*ffiSA-/7r«3 0 5-^ 
JS^S .S^fc. ^p-AlGa NBj££®ia;\* -y 7 

71301^ Mg^iOpatcH-r^futp-Ai 

GaNg$2?7-y K13 lfcitfp-GaNuy?? h 
Jf 3 2£Jf£J&££-£6. p-AlGaNS 

ttJEfiS/w 7 r S3 o^^<?)se[iastt6 o or 

fcU P-Al GaN®27^ yH®3 lt>«ktXp-G 
aN3y??VJi3 2<9jfcgB|?>g«gJg«l 0 0 Or 50 
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[0092] ±m>x o tc, -a^ked ajs*uc# 

ffl§*Ut n - A 1 G a N^7*n y 7JI 2 9 ifcilJ^ 
□$rttf)p -AlGaNSi;7 7K!2 8±tfflaa"C 
P - A 1 G a N SrRj&HStfT p - A 1 G a N 
|&A>y7rJl3 0£J&£U p-AlGaNffjfcg©S 
A 7 7rl30±Cp-AlGaNl2;77pl31 
^^t-SvIfctiO. p-AlGaN^2^77Hl 
3 l#n-Al GaN^c|7*0-y?J12 9i>«J:U : p-A 
1 GaN^l?77Hl2 80MitZtltimm<?>&&t: 

zv^x-imtzz ttf-cz & . ztuzx o . p -a 

IGaN?g2?^»/b-Jl31 O^frf^JS^'JSiH-S . 

[ 0 0 9 3 ] P "A l G a NHJ&gffiiByW 7 r 

J|3 0£J:9« p-A lGaN£l?7-yKJ128fcp 
-A 1 GaN^2?7 -y F«3 1 ^jUn^-T S i: t 
J:94t6JS:fi#Ji»$*i6„ ^fifciO. p-AIG 
a NSS2 ?77FI3 1 £l3ft5 ? 5 » 7<7)mL*ffi± 

l0 0 94}&±<7)Ztfrt>. p-Al GaN^2?5 
•y FJf3 1 fctJUT^7-y^*«^r. JUF&t&Att 

[009 5] »vc. ^X/N^MOCVD^gO^tC: 
JROiBU 06 (d) iZ^rTXo^ p-GaN3^ 
?M32Kn-GaN3^?H24i;t<0-at 
I«Jl7fym. £*>J:5iCL/C* n-GaN3 

y*? M124Wi^fBi(££gaj$-£i>. 
[0096] 34>fc. gajLfcn-GaNay^Mf 
24^0r^®^±tn«ffi5O^dtrSfcttfc:. p 
- G a N 3 9 HI 3 2 CDJtifem&klZp W& 5 1 5: 

®Bgl-s. fi&t. ^7r>frs«2i£^#ifrtsc: 

[0 09 7]J0J:«>J:5(£LT. 07£5cf*;U777 
5. 

[0098] yg72 0 2fc&W?. P«g 

5 1 *»6aEA3*lfc«8Hi. n - A 1 G a N«g|7'0 y 
^S2 9tJ:»)^3<xS. ^fUCiO. n-AlGa 

Nma7*n 2 9 <muurffmm?nwmt £ 

;£r\ n-AlGaN«8g7*Oy?Jf2 9JiAl?> 
HO**** Vvfcifc. MQWJSttS2 7fc:tiUT. n-A 
1 G a N««[ya -/ ^ S 2 9 ^PiSrF^ScOllffW 

[0099] iy±<oi k*>/?>. *mmr-*r*Ff-2 o 2 

tC*3V^TJ±. n-AlGaN^S7"n7;i2 9« 

m : <nwQwmm27\iz : iumii!&>i>K. we-h 

$0ffl*5fffcns. ^i5f:, 7**^202 

[0100] &t5. !f^2 0 20)n-A 1 
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GaN^^O>y^l2 9li. ^X^fcMOC VD§£g 

«I<7);£i6. n-A lGaN«g£/n-y?JI2 9{;:J>VVC 

[0101] JJB?>¥3iftP--fS^ 2 0 2fc*iivc 
ti. p-AlGaNS^<aa^'<y7r^3 0{c«tO, 
P-Al GaNgS2?7-yKJf3 1fc:i5ft£?7-y70 

9. ^frl^-f i ^2 0 2^i&fmEA J fiS^ m 

[0102] ±3itZt5 WCJi p - A 1 G a NSlfcgffiil 
A' 7 7rl3 0<0j£mtf>£«i&g£6 0 OVb I/O* 
P - A 1 G a TM3 0«DJ&g 

5 0 0~7 0 0X:<?DKHrtTfcittf± 

[010 3] ±lEK*5Vvt<ip-AlGaNBj£ 
H£SA77rl30#Alo.5 Gao.5 Ni^&S 

P - A 1 G a Nf?J&Si£;SA.y 7tI30 £i5»t£ 
A 1 Wfflj^lihStC^S^S & cD-m&V*. P - A 1 
G a NW)fcgfflsaA.y 7 rJf 3 Ofct. A1«Xj!pO 
<X<0. 7<0Alx Ga l-xNj&^&fUf <fc^„ 

[0104] 3£>fc. -klEfctiVvtUp -A 1 GaNff 

&mmrtv?T M3 oovmz 5 o xt i/o***** 

P-A 1 GaNHjfcgffi&K^rJlS O^MWidft 
tcOTtt^V^. P - A 1 G a Ngjfcg{£ia 
A'77rl3 0OKW142 0-1 5 0 ATiftfUfi^. 
[0105] ¥**2 0 2C&tvt 

(4. «^gffifc=5rSn-Al GaN«ggro y^®2 9 
tf>gfjng5±£p - A 1 G a 7 r M 3 0 

tfJftK&ivCiV&. <I£T. fifflt«IL<:p-AiG 
aNS)£^fijaAy7r^3 0lilffiT'fcS;):i)> 
f>. P-Al GaNS^*fijaA./7rS3 0OK*^ 
*S < Lfc*§£Kfcl vcfc^£#i£ftfc < < £S . L£ 
P-Al GaNS«Sffia^*y7rS3 0<7)M 
ffJ4/h$<-rSik^if*Lv\ JJEOiofciP-Al 
G a NBj££flKB''w 7 rM 3 0 c7)Kg£ 5 0 A t 
<L£i§£. hy^Jy^^izX*). p-AlGaN 
HfifcUffiia^y 7rl30 fcfcwt rawm-**^ 

[ 0 1 0 6 ] ifc. ±E{CtJV%T{ipffl^Sl£*ffiia^' 
77rI3 0 £Jgj£LT^S WlS^ffiaS^-/ 7 r m 
3 0J4. ic+AgJSOff^^tttryF-TTfeJ: 

nam* 

[0107] jfcfc. M^jm^^yyrm3 0<mSL 
i4. ±IBOAl GaNO!^3*i&i<7rei4&u. HA 
^gffiffl^y^rJf 3 0J4. Ga. Al. In. BUXXf 

t i ayy^< t i> i^istsmm^mmm^jiix^ 

[0108]&i>. #jfcgfiiSA.y7rJf3 0#Ai£ 
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[0109] #®2 2~2 9 . 31. 3 214. G 
a. Al. In. Bi>itfTl*94*5:<i:&lo£3-tJ 

V*. €S£7o>y?Jl2 9#n nGaN*^&Si§ 

[0110] WS&Wimi 914. ^$fi!BJi: L 

io immnx-bz. 

[0111] 2t>iz^ JJEfctiVvaW-^-M TW&2 

LTVv&*>\ +T7r4 TW5L2. 1 ±tpStf>¥^{fc@ii 

nMt K-T3ftfc?fJ&liB»3A v 7 r M 3 0 . ifctt 
T y K-TVflfAJtttart -y 7 r M 3 0 Zmtitth . 

[0112] jhiefcti was. ^smm&ttmtom? 

20 «4. ^m^-^m-immmmsmi'. 7*vr 

[oii3] t ±.Btz&^x\zxvi->r®0?m 
mtz&tfLma&><v 7 rmimmti^iz^xm 
HHLfc#. ^ y^>y\m<miJLW^m^m\zm 

f&m&^y7TMt:mfliLXi>£\\ 
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